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PROCESS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polyurethane elastomer 
having a rotaxane structure within its molecule and its preparation 
process. 

SOLUTION: The preparation process of the polyurethane 
elastomer comprises a prepolymer-preparing step wherein a 
prepolymer is formed by allowing a diol to react with an excessive 
amount of diisocyanate based on the equivalent weight of the diol, 
and a curing and crosslinking step wherein the polyurethane 
elastomer is formed by mixing the prepolymer with a cyclic ether 
compound, a hardener and a crosslinking agent. By introducing a 
rotaxane structure to a hard segment, flexibility is ensured, even 
upon increasing the degree of crosslinking in the polyurethane 
elastomer to realize a high strength. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A polyurethane elastomer with the rotaxane structure acquired by the manufacture approach of 
a polyurethane elastomer of having the prepolymer preparation process which diol and diisocyanate more 
superfluous than the equivalent to this diol are made reacting, and forms a prepolymer, and the hardening 
bridge formation process which mixes a cyclic ether compound, a curing agent, and a cross linking agent 
to this prepolymer, and forms a polyurethane elastomer in it. 

[Claim 2] It is the polyurethane elastomer in which said curing agent is straight chain-like diol which has a 
hydroxy group to the both ends of straight chain-like alkylene, and said cyclic ether compound has the 
rotaxane structure according to claim 1 which is 18-crown -6. 

[Claim 3] The manufacture approach of a polyurethane elastomer with the rotaxane structure 
characterized by to have the prepolymer preparation process which diol and diisocyanate more 
superfluous than the equivalent to this diol are made to react, and forms a prepolymer, and the hardening 
bridge-formation process which mixes a curing agent and a cross linking agent to this prepolymer, and 
forms a polyurethane elastomer in it, and to have the cyclic-ether compound addition process of adding a 
cyclic-ether compound by the time said hardening bridge-formation process is completed. 
[Claim 4] Said cyclic ether compound addition process is the manufacture approach of the polyurethane 
elastomer which has the rotaxane structure according to claim 3 which is the process which adds said, 
cyclic ether compound after said prepolymer preparation process. 

[Claim 5] It is the manufacture approach of a polyurethane elastomer that said curing agent is straight 
chain-like diol which has a hydroxy group to the both ends of straight chain-like alkylene, and said cyclic 
ether compound has the rotaxane structure according to claim 3 or 4 which is 18-crown -6. 
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DETAILED DESCRIPTION 



[Detailed Description of the. Invention] 
[0001] 

[Field of the Invention] This invention relates to the polyurethane elastomer which has rotaxane structure 
in a hard segment in detail, and its manufacture approach about the polyurethane elastomer which has 
rotaxane structure in intramolecular, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The polyurethane elastomer ("PUE" is called hereafter) is used for industrial 
components, autoparts, OA equipment, sport leisure goods, etc., and the high mechanical strength is 
demanded. 

[0003] The orientation of a chain and crystallizing according to stress giving a high mechanical strength to 
PUE are known. The thing which check crystallization in the time of PUE un-deforming for that purpose 
and for which reversible crystallization in the time of deformation is both promoted is desirable. 
[0004] As an approach of controlling crystallization of PUE at the time of un-deforming, this invention 
persons examined introducing rotaxane structure into a PUE molecule. The work as a plasticizer was 
expected by introducing rotaxane structure into a molecule. PUE which has the rotaxane structure where 
the PUE chain was incorporated, in the ring of a cyclic ether compound was able to be obtained by mixing 
and making diisocyanate (4 and 4*-diphenylmethane diisocyanate), diol (polytetramethylene glycol 2000), a 
cross linking agent (trimethylol propane), and a cyclic ether compound (1'8-crown -6) react as an 
approach of introducing rotaxane structure into PUE (an "one-shot process" is called below). 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, the molecule which constitutes PUE can be 
divided roughly into the soft segment which gives flexibility, and the hard segment related to the stiffness 
of molecules, such as a point constructing a bridge. If the rate in the inside of the molecule of a hard 
segment generally increases, although the reinforcement of PUE will increase, it becomes lacking in 
flexibility. It was considered that the flexibility of PUE could improve, holding fixed reinforcement by 
introducing rotaxane structure into the hard segment of PUE specifically. It is difficult to control into 
which part in PUE a cyclic ether compound can be introduced by the one-shot process which adds a 
cyclic ether compound to the conventional monomer etc. 

[0006] So, let it to offer the polyurethane elastomer which has rotaxane structure in intramolecular, and 
its manufacture approach be the technical problem which should be solved in this invention. If specified 
more, this invention will make it the technical problem which should be solved to offer the polyurethane 
elastomer which has in intramolecular the rotaxane structure which introduced rotaxane structure into the 
hard segment of PUE specifically, and its manufacture approach. 
[0007] 

[Means for Solving. the Problem] The polyurethane elastomer with the rotaxane structure of this invention 
which solves the above-mentioned technical problem is obtained by the manufacture approach of a 
polyurethane elastomer of having the prepolymer preparation process which diol and diisocyanate more 
superfluous than the equivalent to this diol are made reacting, and forms a prepolymer, and the hardening 
bridge formation process which mixes a cyclic ether compound, a curing agent, and a cross linking agent 
to this prepolymer, and forms a polyurethane elastomer in it (claim 1). 

[0008] Even if it makes the degree of cross linking of PUE high and realizes high reinforcement, flexibility 
is securable by introducing rotaxane structure into a hard segment. 

[0009] Said especially curing agent is straight chain-like diol which has a hydroxy group to the both ends 
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of straight chain-like alkylene, and said cyclic ether compound has the high compatibility of the ring of 
18-crown -6, and the alkylene part of straight chain-like diol in it being 18-crown -6, and can introduce 
rotaxane structure into a hard segment more certainly (claim 2). 

[0010] Furthermore, the manufacture approach of a polyurethane elastomer with the rotaxane structure of 
this invention which solves the above-mentioned technical problem The prepolymer preparation process 
which diol and diisocyanate more superfluous than the equivalent to this diol are made. to react, and forms 
a prepolymer, It is characterized by having the hardening bridge formation process which mixes a curing 
agent and a cross linking agent to this prepolymer, and forms a polyurethane elastomer in it, and having 
the cyclic ether compound addition process of adding a cyclic ether compound by the time said hardening 
bridge formation process is completed (claim 3). 

[001 1] That is, after carrying out the polymerization of the soft segment part beforehand and preparing a 
prepolymer, the introductory location of the rotaxane structure to the inside of PUE is [ in / composition 
of PUE ] controllable by adjusting the addition stage of the cyclic ether compound in a cyclic ether 
compound addition process — the polymerization of the hard segment can be carried out under cyclic 
ether compound existence, a cyclic ether compound can mainly be introduced into a hard segment part, 
and rotaxane structure can be formed. 

[0012] since it is alike at the time of the hard segment composition after compounding (claim 4) and a soft 
segment by considering as the process which adds said cyclic ether compound after said prepolymer 
preparation process and a cyclic ether compound is incorporated in a PUE molecule, a cyclic ether 
compound can introduce alternatively said especially cyclic ether compound addition process into a hard 
segment. 

[0013] Moreover, said especially curing agent is straight chain-like diol which has a hydroxy group to the 
both ends of straight chain-like alkylene, and since the compatibility of the ring of 18-crown -6 and the 
alkylene part of straight chain-like diol is high when said cyclic ether compound is used as 18-crown -6 
(claim 5), rotaxane structure can be more certainly introduced into a hard segment. 
[0014] 

[Embodiment of the Invention] (The manufacture approach with rotaxane structure of PUE) In addition to 
this, the manufacture approach with the rotaxane structure of this operation gestalt of PUE has a 
prepolymer preparation process, a hardening bridge formation process, a cyclic ether compound addition 
process, and a process as occasion demands. After forming the rough structure of PUE at a prepolymer 
preparation process, it compounds, where a cyclic ether compound is incorporated at a hardening bridge 
formation process. 

[0015] It is desirable to compound preferentially a part not to introduce a cyclic ether compound at a 
prepolymer preparation process especially. At a prepolymer preparation process, the part which does not 
desire installation of rotaxane structure is formed and the part which wishes to introduce rotaxane 
structure at a hardening bridge formation process is formed. Furthermore, by having a cyclic ether 
compound addition process after a prepolymer preparation process, rotaxane structure can be directly 
introduced into the part formed at a hardening bridge formation process. 

[0016] A prepolymer preparation process is a process which diol and diisocyanate more superfluous than 
the equivalent to the diol are made to react, and forms a prepolymer. By adding diisocyanate more 
superfluously than the equivalent to diol, it has an isocyanate radical in the both ends of the addition 
polymerization object of diol and diisocyanate, and the prepolymer of low molecular weight can be 
prepared comparatively. 

[0017] The class of diisocyanate is not limited especially other than having two isocyanate radicals. 
Moreover, the class of diol is not limited especially other than having two hydroxy groups. As diisocyanate,, 
4 and 4 T -diphenylmethane diisocyanate, TDI (tolylene diisocyanate) and XDI (xylylene diisocyanate), PPDI 
(PARAFENI range isocyanate), TMXDI (tetramethyl xylylene diisocyanate), HDI (hexamethylene 
diisocyanate), H12MDI (it is KISHIRU methane diisocyanate to JISHIKURO), IPDI (isophorpne 
diisocyanate), H6XDI (1, 3-bis(isocyanato methyl) cyclohexane), and a polymeric MDI can be illustrated. As 
diol, the polyether and polyester which have a hydroxy group in both ends can be illustrated, and ether 
polyol [polyalkylene glycols (a polytetramethylene glycol, polyethylene glycol, etc.)], polyester polyol 
(lactone system polyester polyol, polycarbonate diol), and other glycols (acrylic polyol, a polybutadiene 
system glycol, halogen-containing polyol) can be illustrated as a desirable example. When a polyalkylene 
glycol is used, it is desirable to consider as about 500 to 3000 molecular weight. 

[0018] The molecular weight of a prepolymer can be chosen from the description for which PUE finally 
manufactured is asked proper. The molecular weight of a prepolymer can be prepared with the mixing ratio 
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(mole ratio) of diisocyanate and diol. The molecular weight of the prepolymer formed, so that a mole ratio 
is brought close to 1:1 rises. Since the amount of final PUE which a chain elongation agent or a cross 
linking agent uses will decrease if molecular weight of a prepolymer is enlarged, it becomes an elastomer 
with flexibility, and rigidity will become high if molecular weight of a prepolymer is made small. Moreover, 
since a chain elongation agent can be introduced so much, microfacies separation is formed well and the 
outstanding dynamics physical properties are acquired. As for a prepolymer, compounding, as it is set to 
NC0:0H=2:1 is desirable. 

[0019] A hardening bridge formation process is a process which mixes a curing agent and a cross linking 
agent to the compounded prepolymer, and forms PUE in it. Especially if a curing agent is a compound with 
an isocyanate radical and two functional groups with reactivity, it will not be limited. The above-mentioned 
diol can be illustrated. Since configuration consistency is high when the cyclic ether compound which it 
mentions later that it is the straight chain-like diol which has a hydroxy group to the both ends of straight 
chain-like alkylene especially as a curing agent is used as 18-crown -6, it is desirable. 
[0020] Especially if a cross linking agent is a compound with an isocyanate radical and three functional 
groups or more with reactivity, it will not be limited, but it can illustrate trimethylol propane. It is adjusted 
so that it may become the equivalent on an isocyanate radical like a hydroxy group as an amount which 
adds a curing agent and a cross linking agent, and the isocyanate radical which remains at the prepolymer 
preparation process which, the functional group which can react mentioned above in general. 
[0021] And by the manufacture approach with the rotaxane structure of this operation gestalt of PUE, it 
has a cyclic ether compound addition process further. A cyclic ether compound addition process is a 
process which will add a cyclic ether compound by the time a hardening bridge formation process is 
completed. The rotaxane structure which introduced the cyclic ether compound into the compounded PUE 
structure according to this process can be given. The part which has rotaxane structure in manufactured 
PUE is controllable by adjusting the time of adding a cyclic ether compound. 

[0022] That is, when a cyclic ether compound is added to a cyclic ether compound being introduced also 
into a prepolymer if a cyclic ether compound is added in a prepolymer preparation process after a 
hardening bridge formation process, a cyclic ether compound will not be introduced into a prepolymer, but 
a cyclic ether compound will be introduced into the parts of the curing agent which combines between 
prepolymers, and a cross linking agent. 

[0023] Moreover, if a cyclic ether compound is added in the middle of a prepolymer preparation process, a 
cyclic ether compound can be introduced also into the part in a prepolymer, and if a cyclic ether 
compound is added while being a hardening bridge formation process, a cyclic ether compound can be 
introduced into a part of parts of a curing agent and a cross linking agent. 

[0024] It does not limit especially as an amount which adds a cyclic ether compound. Moreover, it does 
not limit especially as a cyclic ether compound, but 18-crown -6, 24-crown -8, dibenzo 18-crown -6, a 
large annular polyether, etc. can be illustrated. As for a cyclic ether compound, it is desirable to judge and 
choose the magnitude and compatibility of a ring according to the molecular structure of a part to give 
rotaxane structure. Specifically, the thing with few [ and ] strains of a ring which has a large bore is 
desirable. The cyclic ether in which especially the hydroxy group of diol has the ether of crown and the 
bore on which it can act by endocyclic is desirable. If the bore of the ring of cyclic ether is too small, 
installation of an endocyclic molecule will become difficult, and it is thought that an interaction falls 
although ah endocyclic introductory probability will increase, if too large. 

[0025] Here, a cyclic ether compound can be specifically introduced into a hard segment with using a 
polyether and polyester especially for diol, constituting the soft segment of PUE, using straight chain-like 
diol for a curing agent, and constituting a hard segment from a part of a curing agent. It is also possible to 
introduce a cyclic ether compound into a soft segment part specifically by compounding a hard segment . 
part previously as a prepolymer on the contrary, and compounding a soft segment part at a hardening 
bridge formation process. 

[0026] Furthermore, this manufacture approach can have the process which removes the cyclic ether 
compound which was not incorporated in PUE. For example, a proper solvent can extract and remove a 
cyclic ether compound. 

[0027] (PUE with rotaxane structure) PUE with the rotaxane structure of this operation gestalt is the 
compound manufactured [ compound / cyclic ether ] by adding to coincidence in between a prepolymer 
preparation process and hardening bridge formation processes (i.e., a hardening bridge formation process) 
in the cyclic ether compound addition process in the manufacture approach with the above-mentioned 
rotaxane structure of PUE. 



3/6 



2006/09/14 16:15 



JP,2003-261637,A [DETAILED DESCRIPTION] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi.ejje 



[0028] That is, it is the compound which introduced the cyclic ether compound into the part (part which 
consists of a curing agent and a cross linking agent) which combines between prepolymers specifically. A 
cyclic ether compound becomes a hard segment with PUE introduced specifically with using a polyether 
and polyester especially for diol, constituting the soft segment of PUE, using straight chain-like diol for a 
curing agent, and constituting a hard segment from a part of a curing agent. 

[0029] In addition, since it is the same as that of what was explained in the manufacture approach with 
the above-mentioned rotaxane structure of PUE about diol, diisocyanate, the curing agent, and the cross 
linking agent, the further explanation is omitted. 
[0030] 

[Example] [Manufacture of a test sample] 

4 as diisocyanate, and 4'-diphenylmethane diisocyanate ("MDI" is called below), (Examples 1 and 2) The 
polytetramethylene glycol 2000 ("PTMG2000" is called below) as diol, PUE was manufactured using the 
1,4-butanediol ("BD" is called below) as a curing agent, and the trimethylol propane ("TMP" is called 
below) as a cross linking agent and the 18~crown -6 ("18C6" is called below) as a cyclic ether compound. 
[0031] Beforehand, among the desiccator, at 80 degrees C, mixed 45moL(s) for MDI as 15moL(s) 
(NCO/OH=3/1), PTMG2000 which carried out vacuum dehydration overnight was made to react at 80 
degrees C under argon atmosphere for 2 hours, and the prepolymer was prepared (prepolymer preparation 
process). 

[0032] It added having mixed 4moL(s) for TMP as 24moL(s), and agitating BD to a prepolymer. Churning 
was performed heating at 90 degrees C. coincidence — 18C6 — 22.5 — moL(ing) (example 1) and 
45moL(s) (example 2) addition were carried out (cyclic ether compound addition process). After slushing 
mixture into the drum-type molding machine which carried out the preheating immediately and performing 
heating molding for 80 minutes at 90 degrees C, it heated at 100 more degrees C for 24 hours. Then, it 
riped by holding at 21**2 degrees C per week (hardening bridge formation process). 18C6 which was not 
incorporated in PUE was extracted and removed by being immersed in a 21**2-degree C tetrahydrofuran 
("THF" being called below) for 24 hours. 

[0033] (Example 1 of a comparison) PUE was manufactured by the same actuation as examples 1 and 2 
except not adding 18C6. 

[0034] (Example 2 of a comparison) PUE which has rotaxane structure with the one-shot process which is 
the conventional technique was manufactured. Beforehand, among the desiccator, at 80 degrees C, TMP 
was set to 10moL(s) for PTMG2000 which carried out vacuum dehydration overnight, churning mixing of 
the 19moL(s) was set for 6moL(s) and 18C6, and MDI was added 20 moLs after that (NCO/OH=1.05/1). 
After slushing mixture into the drum-type molding machine which carried out the preheating immediately 
and performing heating molding at 90 degrees C for 2 hours, it heated at 100 more degrees C for 24 hours. 
Then, it riped by holding at 21**2 degrees C per week. 18C6 which was not incorporated in PUE was 
extracted and removed by being immersed in 21**2~degree C THF for 24 hours. In addition, by the 
manufacture approach of this example of a comparison, 18C6 of an example 2 and this rate is added. 
[0035] (Example 3 of a comparison) PUE was manufactured by the same actuation as the example 2 of a 
comparison except not adding 18C6. 
[0036] [Trial] 

(Appearance) Compared with the test sample of the example 1 of a comparison, transparency went up as 
the content of examples 18G [1,2, and ] 6 increased. Since the cohesive force between hard segments 
declined and the microcrystal part decreased by 18C6 introduced into the hard segment, it thinks. 
[0037] (Measurement of the amount of 18C6 installation) The amount of installation of 18C6 from mass 
change before and after immersing in THF to the inside of PUE was measured. Measurement was 
performed to the extract process by 3rd THF. A mass change [ before and after ] was not mostly 
accepted by 1 or 2 extracts. The content of the addition of 18C6, the mass change before and behind an 
extract process, and 18C6 of PUE, the rate of installation of 18C6 (the content to 18C6 addition 
comparatively), and the rate of installation to PUE of 18C6 (based on the whole mass) are shown in Table 
1. 
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[0039] Rotaxane structure has been introduced into PUE at the rate of installation with high examples 1 
and 2 so that more clearly than Table 1. Moreover, it became clear that the rate of installation to the 
whole PUE of 18C6 can also be increased from the comparison of examples 1 and 2 with the increment in 
the addition of 18C6. Moreover, as compared with an one-shot process like the example 2 of a 
comparison, the test sample obtained by the approach of examples 1 and 2 was able to be made into the 
rate of installation of high 18C6. 

[0040] (Measurement of a stress-strain curve) It is JIS about the test sample of an example 2 and the 
examples 1-3 of a comparison. It was processed into the No. 3 dumbbell (configuration) [1mm in width of 
face of 5mm, 20mm of initial sample length, and thickness], and considered as the test portion. 
[0041] The stress-strain curve was measured using the tensilon (RTC1225A) by the cage en tech 
company about each test portion. The hauling rate measured in a part for 100mm/. A result is shown in 
drawing 1 and Table 2. 
[0042] 
[Table 2] 
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[0043] It became clear that demonstrate the operation with the rotaxane structure like a plasticizer 
generated by having 18C6 in PUE, and a low expanding modulus becomes low, and the standup of stress 
shifts to a high expanding side so that more clearly than drawing 1 and Table 2. Furthermore, the maximum 
rupture stress became high. Since this promoted expanding crystallization in PUE, it is considered. 
[0044] M oreover, PUE of the example 2 of a comparison which added 1 8C6 comparable as the example 2 
which is PUE with the rotaxane structure of this invention at the time of manufacture of PUE, If PUE of 
an example 2 is compared, since the PUE of an example 2 would become low more and the low expanding 
modulus will have shifted to the standup nearby quantity expanding side of stress, if PUE which has 
rotaxane structure by this invention approach is manufactured The effectiveness by 18C6 became clear [ 
that it can demonstrate more ]. This is considered that it has improved the plasticity of the hard segment 
of PUE more as a result of the rotaxane structure by 18C6 being able to introduce into a hard segment 
alternatively according to this invention approach. 

[0045] (Measurement of other physical properties) Some physical properties are compared about 
examples 1 and 2 and the example 1 of a comparison again. The example 1 became and, as for the degree 
of swelling by THF, the example 2 became 796.7% 376.9% to the example 1 of a comparison being 361.6%. 
And the example 1 of specific gravity was the value which is [ 1.078 and an example 2 ] as practically 
equal as 1.078. Moreover, for the example 1, 11.330 and an example 2 were [ 12.102 and the example 1 of 
a comparison of the amount of urethane per TMPig (crosslinking density of TMP) ] 10.084. Although 
specific gravity and crosslinking density did not change a lot when the content of examples 18C [ 1, 2, and 
] 6 increased and the amount of installation of the rotaxane structure in PUE (rate) increased from the 
above thing, it turned out that a degree of swelling becomes large. This is also considered to be the result 
of rotaxane structure acting in plasticizer between PUE molecules. 
[0046] 

[Effect of the Invention] As explained above, PUE with the rotaxane structure of this invention serves as 
an ingredient which has a high mechanical strength from having introduced rotaxane structure into the 
hard segment alternatively. 

[0047] And it dissociates with the hardening bridge-formation process of manufacturing PUE by other 
curing agents and cross linking agents, and the manufacture approach with the rotaxane structure of this 
invention of PUE has the prepolymer preparation process of making diisocyanate and diol reacting and 
preparing a prepolymer, is performing the cyclic-ether compound addition process which adds a 
cyclic-ether compound proper, and becomes possible [ introducing into the part which sets a cyclic-ether 
compound as the purpose in the structure of PUE alternatively ]. 

[0048] For example, the part of the soft segment of PUE is formed at a prepolymer preparation process, 
the hard segment which combines between soft segments at a hardening bridge formation process is 
formed, and a cyclic ether compound can be alternatively introduced into a hard segment by having a 
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cyclic ether compound addition process after a prepolymer preparation process. This is PUE with 
outstanding rotaxane structure which was mentioned above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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